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the torsion of the wire in the strained condition, the torsion being reckoned as zero in the unstrained condition. The axial force, and the couple, required to hold the spring to any given length reckoned along the axis of the spiral, and to any given angle between planes through its ends and the axes,1 are ofcour.se (§ 244)'equal to the rates of variation of the potential energy, per unit of variation of these co-ordinates respectively. It must be carefully remarked, however, that, if the terminal rigidly attached to one end of the spring be held fast, so as to fix the tangent at this end, and the motion of the other terminal be so regulated as to keep the figure of the intermediate spring always truly spiral, this motion will be .somewhat complicated; as the radius of the cylinder, the inclination- of the axis of the spiral to the fixed direction of the tangent at the fixed end, and the position of the point in the axis in which it is cut by the plane perpendicular to it through the fixed end of the spring, all vary as the spring changes in figure. The effective components of any infinitely small motion of the movable terminal are its component translation along, and rotation round, the instantaneous position of the axis of the spiral [two degrees of freedom], along with which it will generally have-an infinitely small translation in some direction and rotation round some line, each perpendicular to this axis, and determined from the two degrees "of arbitrary motion, by the condition that die curve remains a true spiral.
617.    In the practical use of spiral springs, this condition is not rigorously fulfilled: but, instead, one of two plans is generally followed:—(i)   Force, without  any couple, is applied pulling out or pressing together two definite points of the two terminals, each as nearly as may be in the axis of the unstrained spiral; or (2) One terminal being held fixed, the other is allowed to slide, without any turning, in a fixed direction, being as nearly as may be the direction of the axis of the spiral when unstrained.   The preceding investigation is applicable to the infinitely small displacement in either case: the couple being put equal to zero for case (i), and the instantaneous rotatory motion round the axis of the spiral equal to zero for case (2).
618.    In a spiral spring of infinitely small inclination to the plane perpendicular to its axis, the displacement produced in the movable terminal by a force applied to it in the axis of the spiral is a simple rectilineal translation in the direction of the axis, and is equal to the length of the circular arc through which an equal force carries one end of a rigid arm or crank equal in length to the radius of the cylinder, attached perpendicularly to one end of the wire of the spring supposed straightened and held with the other end absolutely fixed, and the end which bears the crank, free to turn in a collar.   This statement is due to J. Thomson1, who showed that in pulling out a spiral spring of infinitely small inclination the action exercised and
1 Camb. and £>ub. Math. Jour. 1848,th the fulcrum.    It ist circuit."   De Morgan, Cambridge and Dublin Mathematical Journal,'
